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Abstract 
This paper presents the development of a low cost image processing system that allows the determination of 
human blood types. To determine the blood types it was used the plate test that consist of the mixture serums 
specifics of blood types determination and the sample blood of the donor. The mixtures blood/serums are captured 
through a CCD camera and analyzed using the software IMAQ Vision from National Instruments. The presented 
approach allows improving the public health efficiency as there is not yet available low-cost commercial equipment 
to determine blood types in an emergency situation.  
© 2009 Published by Elsevier Ltd. 
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1. Introduction 
The determination of human blood types is an essential task before blood transfusions [1-4], allowing 
determining which blood type will be administered. In emergency situations due to the risk of an individual´s life, it 
is necessary to immediately administer blood and there is no time to determine the blood type. In this situation, the 
option is to administer the O negative blood type, since it is considered the universal donor and offers less risk of 
incompatibility [1-4]. But, sometimes it occurs transfusion reactions that result in the death of the patient, being so 
crucial to avoid this situation and to previously determine the blood type even in emergency situations.    
The determination of blood type can be performed using various tests, namely, in plates [5], in tubes [5], in 
Cards-ID [6] and in microplates [3]. The plate test, used in this work, allows the determination of blood type in a 
short time and does not require the use of a centrifuge in the process. It consists of mixing the specific reagents of 
blood type determination, with the patient blood. The result depends on the occurrence or absence of agglutination 
[5]. In Fig. 1, it is presented an image that shows the difference between the occurrence (Fig.1b, Fig.1c) and absence 
of agglutination (Fig.1a, Fig.1d).
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Fig. 1. Blood/serum samples. (a) Serum Anti-A;  (b) Serum Anti-B;  (c) Serum Anti-AB; (d) Serum Anti-D
Currently, for the determination of blood types it is required human intervention, not only in performing the 
analytical procedures, but also in reading and interpreting the results, being then the process more susceptible to 
errors [7]. With the aim to fulfil that gap and to automate the determination of blood types, some devices were 
developed, namely,  Technicon AutoAnalyzer [8], Groupamatic [8,9], Auto-Grouper [8], Olympus PK 7200 [8, 10], 
Immucor Galileo [11], Ortho AutoVue ® Innova System [12], Tango ® Automated Blood Bank System [13] and 
Techno TwinStation [14]. However, despite the important contributions introduced in determining the blood type, 
none of these equipment can give results on useful time, if used in emergency situations [12], requiring at least 60 
minutes for the tests [10-14]. Moreover, they have high costs and present some limitations [7, 15-16] compared to 
the method proposed in this work. 
Preliminary studies allowed the development of a custom software tool based on image processing techniques, 
able to detect the occurrence of agglutination. However, the methodology was not fully automatic, requiring the 
users to select the image area to be analysed [17-18]. In this sense, this paper presents a new approach suppressing 
the previous requirement.  
2. Software Developed 
To automate the determination of blood types, it was developed an innovative methodology.  
The agglutination of erythrocytes is viewed macroscopically, in a short time, allowing using image processing 
techniques to detect the occurrence or absence of agglutination and therefore the determination of the corresponding 
blood type. So, the sample images used in this study were captured in real size, using a CCD camera (Sony Cyber-
shot DSC-S750) with 7.2 megapixel resolution. To analyze the acquired images, an image processing application 
was developed using the IMAQ Vision software from National Instruments [19].  Fig. 2 shows a scheme of the 
designed system and Fig. 3 shows the image processing techniques applied. 
Fig. 2. Designed system scheme 
3. Results 
Applying the image processing techniques presented in previous section on the images of Fig. 1, the results 
obtained are presented in Fig. 4. Table 1 presents the corresponding quantification obtained from Fig. 4. Observing 
Table 1 it is analyzed that when agglutination occurs, the Standard Deviation values are higher than those obtained 
without agglutination, respectively, 45.1 and 42.7 for the images with agglutination (Fig.1b, Fig.1c) and 7.7 and 8.8 
for the images without agglutination (Fig.1a, Fig.1d).        
a) b) c) d) 
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Fig. 3. Image processing techniques and results of the application of these techniques [19]
                                                                                                                                                                  
Fig. 4. Image resulting from application of the image processing techniques developed, to images of Fig. 1 
Table 1. Results of quantification of images of  Fig. 4 
  








3 (a) 0.9 162.1 7.7 137.0 181.0 
3 (b) 0.8 56.9 45.1 5.0 201.0 
3 (c) 0.9 62.2 42.7 9.0 199.0 
3 (d) 0.8 146.0 8.8 109.0 173.0 
a) b) c) d) 
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4. Conclusions and Future Work  
The methodology presented in this work, based on Image Processing, allows determining, safely, the blood type 
of a patient, as they have results within a short time (2 minutes) and so able to be used in emergency situations. This 
is an innovative approach, being an added value to commercial solutions.  
For future work, it is intended to develop a low-cost, portable device for automatic determination of blood types 
of several groups, based on the techniques presented in this paper. 
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